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OpMPLETE SPB3FICATI0N 

A Process of preparing Hydrophobic Organo-Silkon Powder* 

Wc Midland Silicones Limited, a It has now been found that the H «rogels arc 

British Company, of 19, Upper Brook Street, not, of themselves, remforctng fillers for sd- 

London, W.U do hereby declare the invention, oxane elastomers. However, xerogeis cnodmal 

for which we orav that a patent may be granted m accordance with the process ot our >peci- 

5 » C^^Kod r^Twrncr/it iTto be Station No. 682^74 havebeed shown to have 

performed, to be particularly described ia and the desired reinforcing charaaercucs. The 

oTS^owing Scmenti- Process for preparing s^moAfied sto 

7 TOs inveS relates to a novel process for xerogd* as heretofore *^<^^!^^ 

wcrjarin* hydfopbobk organosOkon powders, ang certain defined a&oxy stfancs or cttoro- 

^^e^cSvSeT^ca hasfc^teeTtoown sflanes wiA a silica organogd-Tb* process « 

and b w^dy^TLjustrTluch sflka has cornmerdally tmattracw: becau* sof ' *t 

W Llnar^al rZe and is known expense m to* time and money as well as the 

"eatv^S £?Vffi£ TK^oir^ to. prepare 

AdSenl ^m^Cpt^ such sHka fife, which 

Sieriah^thetkaUy. For example certain acoon when incorporated kJSoxane ; etoo- 

silicas are teown as aerogels and have a bulk y 

£3f Ita * * - h>d*c*ta radical conum- 

^*S*mk beSusTc^the necessity in f ics, than 5 carbon atoms or aphaiyi rad - 

&J3mi "wSnTcBure equipment and the cat there being not more than 1 phenyl 

for using SP»^. P"77£ !*JLj « well as attached to each silicon atom, and 1 has an 

^TJ7tMc^c^d^^Thc averse value of from 2 to 3 inclusive with 

large loss of cX P e ^^™.^ i ^^ wh : ch rt) an orzanogei in which at least 50 moi per 

^EjXkt unit, *c ». 

xcrogei and having a bulk density m the range 
of 0.09 to 0.70 gram per cc 
VFe have been particularly interested in 
40 Df-oducin* silica powders for use aa filler* in 
^zanc=hstc=er~ Certain ssEcs* (Le. those 
having a beat of wetting by water of from 0.3 
to 1.0 calorie per cc. pece volume) have 
. 1 * k* H. n /MTfn9 fillers tor 
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formula It'SKX in which R T i? an aliphatic 
hydrocarbon radical containing less than 5 car- 
bon atoms, said organogel (2) having a dertwry 
of from 0.02 to 0.35 g. Per cc, and said 
orginosilicon compound (1) betas present uj 
an amount such chat there is at least 0.O4 
organosilyl units of compound (1) per polymer 



45 



to 1.0 cafcjie per cc * P«L^^ X^^d(irTSr»«^»««. 



.upBi-'itetiS propmio to *e ultima* <*»pkte. the volatile 
td silicone rubber. Hu 



^Jcacisec! iilkone robber. Ttec reinfotcing 
silicas ire fullv described in our Spccificauon 
N T o. SS2.540. 



from the organogel and 



a drv 

material having a bulk density of !es» 
tl.*V per cc. i< irtKiiiwcL 



powdcry 
than 
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It u known in (he art that organogels can 
be prepared from hydrogd* by replacing the 
water in the hydrogd with an organic sol- 
vent During this replacement there is Httie 
5 or no shrinJcage of the gd so that the density 
of the organoid is die same as thai of the 
original hydrogeL The organogels (2) which 
are employed in this invention can be either 
siika organogels or co-gels of silica and mono- 

10 organosiloxanes. The silica orgsnogds arc best 
prepared from sodium silicafe by addifyaig a 
solution of the latter, allowing the silica to gd 
and thereafter replacing the water in the gd 
interstices with an organic solvent. The co 

15 gds arc best pre pared by acidifying a solution 
of a mixture of sodium silicate and a salt of 
the general formula R'SiCONaXO,-* in which 



x has a value from 1 to 2. Upon aodffication 
of such a solution, a co-gd will be obtained in 

20 which some of the gd units are StO, and the 
remaining units are R'SiO^. Thus the crv 
gds are actually copolymers of silica and 
monoorganosiloxancs. The water in the inter- 
stices of the co-gd is then replaced by an 

25 organic solvent. 

In all cases the organogels employed in this 
invention should have densities or from 002 to 
0.35 gram pee cc. The density of the gd has 
reference to the grams of total SiO a plus 

30 R'SlO, per ce. of get. 

For at purpose of this invention mono- 
organosiloxanes which may be co-pdymcrised 
with the SiO, in organogel (2) are those having 
aliphatic hydrocarbon radicals containing lew 

35 than 5 carbon atoms attached to the silicon. 
Specific examples of such m* 'crisis are mono- 
methyl*Uoxanc, raoooprops .tacane, mono- 
vinyisiloxane, mocoallyisiloxanc: and mono- 
bwtvl iloxane and combinations Jirrcof 

40 P<* the purpose of this invention compound 
{'! * muit he present in amount sufficient i'jac 
thrre '*% at katt 0.O4 organosflyl group (Le. 
R ( 5i« or R,Si-) per polymer unit in (2) (le. 
bated «n total SiO, plus R'StO ta in 2). H 

45 compound (1) \% present in amount less than 
the specified amount, the resulting material 
dues nt* have the reinforcing action desired 
for kUttune da*t.imer*. However, any amount 
of organo<ilicon compound (I) above that 

50 abwe-definod amount may be employed with- 
out ddeicriouily affecting the rdnforcing 
anion <*( the Mlica. In tbo*e cases where an 
exceative amount of organonllcon compound 
(1) is employed, tay I) to 20 orginoatlyt units 

55 per polymer unit in (2\ it merdy acts as a 
toivcut. 

It hat been found that any erganosSoxanc 
can be mode to react with silica *eh or cc~ 
gds. However, for the purpose of this inven- 
iiO aon the R grutfpfc in organicwtlicon compound 
(V, rou« br aliphatic hvdroevboo radicals con- 
timing lew than 5 carbon atoms or phenyl 
radical* lfcwev=t\ there should oe not more 



than 1 phenyl radical attached to each sa&coo. 
In all cases there should be from 2 Q> 3; indov-. 65 
sive of the defined hydrocarbon radicals*.' pee- £\ 

silicon atom. i*?-AJx**f rif^t^fh:^ 

Examples of specific silexaoes (1) wmcii; atpl£ \ 
operative herein are hfiametfrj^l^yfflrK^.V - 
hexabmyidisdoxane, dimerhyiitoan^ pbeqyff 70 
methyisitoxan< etiiyimetby^ciane^ y 'imp?/ 
memylsiioxane* ctivmyrretram " 
diphcnyitetramemyla^aloxanc, 

and copolymers of any of the above. 
For tie purpose of this invention the vis- .75 
cosity of the "siloxane is not crfocaL However, 
k is preferable that they be low viscosity 
materials since handling is thereby facilitated 
The solvents which, ate employed to make 
the organogels of this . mvetman indude aro- SO 
mane hydrtxatboos* aliphatic hydrocarbons, 
cHormated sJipharx and chlorinated, aromatic 
hydrocarbons, ke ton es, ethers, and tertiary 
amines. In additi o n the solvents may be low 
viscosity stfoxzncs such as he xuu c ih yidisfl- 85 
oxxne or co-polymenc cmrietixyi-tximethyfsil- 
oxases. . * 

Organic solmts can be used for reacting the 
stfoxxnes with theorgtnogd (2)1 However, the 
siloaane may serve bom as the solvent in the 90 
oi ganoget and as the l e actant (I). Thus the 
p rep ara tion of the c om po un ds of this i n v e n dor, 
may involve adding the sOoxane dir e ctly to a 
hydrogd having the composition of compound 
(2). In this case the -aloxaae will replace the 95 
water from the hydrogd forming an organoid 
and at the same time win react with the silica 
and any R'SK), , in the organogd to form the 
compounds of this invention. ° 

The temperature of the : reacrJon is not too 
critical and may range from say 30* C. to the 
reflux ter np er atur c of the sorvoir or above. 
After reaction is complete the solvent and any 
excess organostUcon compound (1) are 
removed by evaporation or other suitable 105 
means to give the finely divided oreanosflkon 
powders of this invention. 

At least a trace of dtber a chlorosilane or 
HO or other strong acids such as H 2 SO, or 
benzene snlph(*nic acid is present as a catalyst 1 10 
for the reaction. The use of a catalyst ensures 
that the reaction proceeds at a sarisfactcev 
rate even at room temperature. 

It is believed that die reaction of the s2* 
oxane with the organogel (2) involves the for- 11$ 
ma rion of = SiY compounds in situ. T is an 
acid anion such as (3, — HS0 4 , depending 
upon the acid acaralyst used. These may either 
react directly with the h y dt o ayl s on me 
o tg a n ogd (2) in accordance with the equation 1 20 
^SK>H+Y3u^^^SrGSSU+HY, or they 
may first hydrolyse to silanots which m 
rum condense with the hydroxyis on orgaDO- 
gd (2) in accordance with the equation 
--iStOH+HOSiR^— *--SiOSiR. *-H.O. The 125 
organosilyi groups of compounds (I) arc 
chemically bonded to the silicon atoms of com- 
pound (2) by SiOSi tinkages. 
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TV products of this invention produce t 
reinforcing action when incorporated in $3- 
oxane elastomer* to such an extent that the 
elastomers have effi c iencies of upwards of 150. 

5 The efficiency of the elastomer is a product of 
the tensk strength in lbs./sq. in. times the 
percentage donattion at break, divided by 
1000. This ranferdng action U not obtained 
with untreated xerogds nor with xerogds 

10 wmch have been treated with sHoxanes such as 
he til uctt iyid? , rf]<trtne or <£medivisiIoxane. 
Furthermore, the remfcrdng action obtained 
by the products of this inrennon is superior 
to that of xerogds, fume silicas and siEca 

15 xerogds which have been treated with chloro- 
suanes, riltranet or other reactive alanes. 

Hie hydrophobic n ow das of this inven- 
tion are useful for thermal insulation. They 
are superior therefor to other silicas due m the 

20 lack of water absorption which gives" an 
increase m "r^taWng value. In addition they 
may be employed at flatting agents in paints 
and as cosrnenc bases. 
The fbUowing examples OJmtrare the rnveo- 

25 non. fa the examples, the methyl radH is 
often represented as * Me*:- 

EXAMPLE 1. 

500 ml of a silica hydrogd having a density 
of 0.107 gram of SiO, pa mL was broken into 

30 lump* of about 3 to 5 mL m volume. A mix- 
ture of 1000 mL of hexarr^yldisOoxanev 250 
rnL of cthanol and 75 mL of concentrated 
hydrochloric acid was then added to the hydro- 
geL The mixture was allowed to stand for 4 

35 hours during which time 240 mL of an aqueous 
phase separated from the gel and was removed 
After 24 hours, 50 ml. more of an aqueous 
phase separated 100 mL more of ethanol was 
then added and after 3 days 567 mL more of 

40 an .aqueous pha&r was removed. This aqueous 
phase was compos**! of alcohol and warer 
which had been displaced from the hydrogd 
by hcxarncthvidisiloxane. The liquid was then 
decanted from the resulting organogel and the 

45 latter was dried by distillation and finally 
heated at 110" C The resulting product was a 
soft* white powder having a bulk density of 
0.12 g. per cc and was composed of SiO, 
units having ttirnethyisilyl groups attached 

50 thereto. . .„ . 

30 parts by weight of this powder was milled 
with 100 parrs by weight of a benzene- 
soluble non-flowing dnnethylpolysiloxane and 
3 part* by weight of tertiary butyl perbenzo- 

55 ate. The mixture was then heated in a mould 
for 15 minutes at 150° C whereupon the 
resulting dastomer had a durometer reading 
of 32, a tensile strengtt of 893 !bs./sq. in. and 
a percentage elongation at break *>f 760. 

60 EXAMrta 2. 

100 ml. of an acid silks hydroccl having a 
density of 0.106 a. of SiO, per ml. and 200 ml. 
*yf. hcxajstf hvldr*:!oiott>e were mixed in ;t mech- 



anical mixer. After 10 days* standing at room 
temperature an aqueous phase had separated 65 
and was discarded. The resulting organogel 
was then heated to remove the excess siloxane 
and finally dried at UO* C The resulting pro- 
duct was a dry powder having a bulk density 
of 0.11 g. per cc. and was composed of SiO, 70 
units and trimerhvlsilyi units linked through 
oxygen atoms. This material was suitable 'j 
a finer in organosOoxane elastomers. 

Example 3. 

600 mL of a silica hydrogel having a density 75 
of O S gram of Si0 3 per cc was mixed with 
350 mL of isopropyl alcohol and 250 mL of 38 
per cent Hydrochloric add and thereafter 
stirred for 1 hour. 1000 mL of octarncthyl- 
cydoterrasxToxane was then added. An 80 
aqueous phase separated from the gd in 15 
'minutes and after 1 hour it was removed. The 
resulting organogel was stttrad for an addi- 
tional 25 minutes whereupon more water was 
removed. The resulting organogel was filtered 85 
from the excess siloxane and men evaporated 
to dryness on a steam bath and finally heated 
for 70 hours at 125* C There was obtained a 
powder having a bulk density of 0.09 g. per 
cc. which was composed of SiO, and Me,Si= 90 
units linked to oxygen atoms. This material 
was suitable for use as a filler in organosiloxanc 
rubber. 

Example 4. 

600 mL of a co-hydrogd having a density of 95 
0.07 g. per cc and composed of 80 mo! per 
cent of SiO, and 20 mol per cent of 
MeSsO,;, was stirred for 1 hour with 350 ml. 
of isopropyl alcohol and 250 mL of 38 per cent 
hydrochloric add. 100 ml. of Mc.SiO 100 

» SiO T ? SiMe> was then added and itirrtng 
w«s continued for 2 hours. The aqueous layer 
was then drawn off and the etccm siloxane 
removed by distillation on a steam bath at 
reduced pressure* The resulting material wa% 105 
finalJy heated for 16 hour* at 145—150 ' C 
whereupon a powder having a bulk demity of 
0.072 gram per cc. wax obtained. This powder 
was composed of ce*-pc4ymcri<cd SiO,, 
MeSiO, , Me,SiO and Me, SiO, ,, units. It t«* 1 10 
suitable for a filler in organmiloxane ruhrvrv 

Example 5. 

660 ml. of a co-hydrogd composed of 3 mol 
per cent of MeSiO, and 97 mol per cent of 
StO, and having a density of 0.078 jtrara nf 115 
SiOj plus MeSiO,/, per mL was raised with 
350 ml. at isopropyl alcohol .ind 250 ml. i»f 
38 per cent hydrochloric acta. The mixture 
was stirred for lfc hours and then 800 ml of 
hexssaetbyidisiioxarie was added* and the mix- 1 20 
rare was again stirred for \\ hourv. The 
aqueous lavcr which had separated from the 
gd was then removed and the organ<fgd was 
filtered free from excess hcxamcthvidiiiioxane 
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and heated for 40 hours at 110" C The result- 
ing material was a powder having a bulk den- 
sity of 0.067 gram per cc and was composed 
of copolymerised SK>„ MeSiO,.* and 
5 Me,SiO</s units. This material is suitable as 
a filler for orgaoosloxane rubber. 

Example 6, 
Equivalent results were obtained when 
mooopropyisiloxane was substituted for me 
10 monomctbvisiloxane in the process of Example 

5. 

Example 7. 
Equivalent results were obtained when di- 
vinyjtetramethyldisiloxane was substituted for 
15 the hexamethyldisSoxanc in the process of 
Example 5. 

Example 8. 
Equivalent results were obtained when 
monovinylsiloxane was substituted for the 
20 ox>iK«memyisiloxane in the process of 
Example 5. 

Our Specification 28388/55 (Serial No. 
783,867) of even date herewith claims a finely 
divided solid ominmilicon compound having 
25 a bulk uensiry of less :_jan 03 £ pcr^cc^whfch 
is « co-poijTTicr esupesod of {A) *jvu& *■ w 
50 moi % of RSKV, units in which R is aa 
aliphatic hydrocarbon radical containing less 
than 5 carbon atoms, (B) from 4 to 30 md % 
30 of Me.SK> 4 - B m which n is 2 or 3 and Me 

2 

is a merhyi radical and (Q from 46 to 95 
mc4 "S» of SiO, mats. 
What we claim is: — 

1. A process for preparing a hydrophobic 
35 organosilicoa powder which comprises adding 
(1) an organosiloxane of the general formula 
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R tt SiO, « in which each R is an aliphatic hyd- 



rocarbon radical containing less than 5 carbon 
atoms or a phenyl radical, there being not 
more than one phenyl radical attached to each 
si licon atom and n has a value faun 2 to 3 
inclusive, to (2) aa organogel in which at least 
50 moi per cent of the polymer units are SiO, 
units, any remaining units beinf of the general 
formula R'SiO, . 3 in which R* is an aliphatic 
hydrocarbon radical containing l<ss man 5 
carbon atoms, said organogel (2) having a den- 
sity of from 0.02 to 035 g. of total SK>, ant. 
R'SiO^ per cc, and said organosiloxane (1) 
being present in such an amount that there is 
at lease 0.04 organ osilyl units of compound (1) 
per polymer unit of compound (2% in the pre- 
sence of a strong acid catalyst, and thereafter 
removing the volatile matmals from the reac- 
tion product formed during the reaction 
whereby a dry powdery material having a bulk 
density of less than 03 g. per cc is obtained. 

2. A process as churned m Claim 1 wherein 
the orgarostloxane (1) is hrxamrThyidi»^- 
oxanc 

•» * . .... . . .1. 8— ?._ - ? * . a * 

jr. a pmCcM a» Ciaimou iu * i ur ^ 

wherein me organogel is formed in situ from 
a hyaxogd during the process. 

4. A process for preparing a hydrophobic 
organosuicon powder substantially as des- 
cribed with reference to any one of the 

HJONGTON & FIFE, 
Cflrniilrmg Chemists and 
Chartered Patent Agents, 
Bank Chambers, 329* High Hoiborn, 
London, W.CI, 
Agents for the Applicants. 
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